Estimating the conditions for polariton condensation in organic thin-film microcavities J. Chem. Phys. 136, 034510 (2012) Critical and phase-equilibrium properties of an ab initio based potential model of methanol and 1-propanol using two-phase molecular dynamics simulations JCP: BioChem. Phys. 5, 12B605 (2011) Critical and phase-equilibrium properties of an ab initio based potential model of methanol and 1-propanol using two-phase molecular dynamics simulations J. Chem. Phys. 135, 234514 (2011) Collapse transition of a square-lattice polymer with next nearest-neighbor interaction J. Chem. Phys. 135, 204102 (2011) Large heat capacity anomaly near the consolute point of the binary mixture nitromethane and 3-pentanol J. Chem. Phys. 134, 044505 (2011) Additional information on J. Appl. Phys. single crystals which exhibited the characteristic spin glass cusp in low-field ac susceptibility. A sound velocity anomaly was observed in the vicinity of the susceptibility peak temperature. We attribute this anomaly to critical fluctuations. Using perturbation theory we show that for a spin glass such as CuMn, the critical part of sound velocity is related to that of the Edwards-Anderson spin glass order parameter q. Weare able to determine the cri tical exponent /3 associated with this order parameter by fitting the theory to the measured critical change in sound velocity in CuMn samples. By combining our values of /3 with the values of a' associated with the critical change in specific heat below the spin glass transition temperature, and Suzuki's scaling laws, we find the values of exponent y, as. and Ys' associated with the zero field susceptibility, the magnetic field dependent part of specific heat, and the field dependent part of susceptibility.
INTRODUCTION
Spin glasses have a sharp peak in the low field ac magnetic susceptibility' at the spin glass transition temperature Tc' The specific heat,2 however, contains an anomalously larger linear contribution and is smooth and rounded at the transition. The spin-glass phase transition was proposed by Edwards and Anderson (EA).3 According to EA, the phase is characterized by a nonvanishing value of the different time correlation of a spin at a given site so that the spin may be visualized as being frozen in time. Hertz et al. 4 studied propagation of sound with a view to investigating spin dynamics through a time-dependent Landau-Ginzburg model coupled to phonons. They found that the sound speed decreases linearly with T-T ct and the sound damping diverges as (T-T,) -I, when the spin glass transition Tc is approached from high temperature. Our data show the sound speed changing follows a more complicated function. In this letter we simply use the perturbation theory to show how the EA order parameter for an ideal spin glass is formally related to the observed change in the sound speed for the temperature range above and below Tc and we report on our attempt to measure it for CU 0976 Mn o . o24 and CU 095 Mno.os using phase comparison method. 5 We have succeeded in obtaining /3, the critical exponent of the order parameter, directly from 30-MHz longitudinal and shear sound velocity measurements. 
THEORY
The basic physical idea involves the fact that a sound wave will be perturbed by the thermal fluctuation of the spin system due to spin-phonon coupling. Since the thermal spin fluctuations increase rapidly near the critical temperature, there will also be an anomalous increase in the attenuation and a corresponding decrease in sound velocity. We take the Hamiltonian of the system as
where the first term is the elastic energy and the second term is the Heisenberg exchange interaction of the spin system. The modulation ofthe Heisenberg exchange interaction due to the lattice vibration is perturbing Hamiltonian, so that one-phonon and two-phonon terms are involved in the spinphonon interaction. 7 Treating the spin-phonon interaction as a perturbation in the process of adiabatic switching, we calculate the energy shift AE. Also, we identify the perturbed phonon energy shift -liJUl qs with the energy required to increase nqs by unity. We have in the long-wavelength limit
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where Rji = R j -R; and R~ is the equilibrium position of (S !'(tlSntl) has been set equal to zero exceptll = v. This self-correlation time of a dipole was obtained by E_A.9
where q = (S ;'( 0:: )S ;(0), and Vc represents a friction coefficient. The critical exponent (J is defined by q(T) = (1 -T ITcf. The change in sound velocity is rewritten as
where A I is the proportional constant for both equations, A2 = vJk, and A3 = J Ivc' Meanwhile, the attenuation a can also be found by taking the imaginary part ofEq. (2) 
RESULTS AND DISCUSSION
Measurements at 30 MHz of the sound velocity along the [110] direction in CUo.97{}Mnoo24 sample (longitudinal and shear) are shown in the inset of Figs. 1 and 2 . The anomalously large linear contribution 2 to the specific heat of CuMn alloys implies a T 2 -magnetic contribution to the sound velocity background which is much larger than the usual T2_ electronic contribution. This is confirmed by a computer fit of the data to the thermodynamically expected form. I I (7) for temperatures sufficiently above the critical region. This fit is shown by the solid curves in the inset of Figs. 1 and 2 . The difference, Aviv, between the data and this background is plotted in Figs. 1 and 2 . We compare Aviv to Eq. (5) for T> Tc and Eq. (6) for T < Tc. Using A I' A 2 , A 3 , and /3 as fitting parameters, we fit Eq. (5) and Eq. (6) to the data. The values of these fitting parameters are collected in Table I and the fitted curves are also shown in Figs. 1 and 2 .
According to our derivation, the constant A I depends on the polarization of the sound wave and on the sample composition, but should be the same above and below Tc' As may be seen from Table I , A 1 is indeed significantly different for the two samples, and for the shear and longitudinal waves. However, it is essentially the same above and below Te' The constant A 2 , A 3 , and /3 should also depend on the sample composition, but not on the polarization. These predictions are also borne out by Table 1 . It is interesting to note that our values of /3 are close to the renormalization group predictions for the X-Y model. 12 A glance at the fits of Figs. 1 and 2 reveals that the agreement between our theory and experiment is good except very close to Tc. We must attribute this to the approximation made in our calculation, the most important one is the factorization of the four-spin correlation functions and the neglect of spatial spin-spin correlations, resulting in an underestimate of the effect of fluctuations, particularly at Tc.
Combining our values of /3 (Table II , Hawkins' values of a', 13 where a' is associated with A C v below T c ' and Suzuki's scaling laws,14 such as a' + 2/3 + Ys = 2, Y = -/3, and as + /3 = 2, we are now in a position to predict the critical exponents y, as, and Ys associated with the magnetic field independent susceptibility, the field dependent part of the specific heat, and the magnetic field dependent part of the susceptibility. The results are tabulated in Table II. 
CONCLUSIONS
In this paper, the investigation of the effects of critical fluctuations on the sound velocity in a spin glass has been done. We have developed a perturbation theory treating the spin-phonon interaction as a perturbation and expressed the critical part of sound velocity in terms ofthe spin glass order parameter. The critical exponent /3 associated with the order parameter can be determined by fitting experimental data. Furthermore, we are able to predict three more critical exponents, namely y, a" and y" from the measurements of changing in sound velocity. Meanwhile, average a, for 0.279-at. % Mn which was obtained from the results of FogIes et al. 15 is about less than 1. The value of /3 is compatible with electrical resistivity measurement If, and theoretical prediction. 12 Critical exponent y, is small, which means the T dependence is weak. The work of Malozemoff et al. 17 gives y, = 0.07 for 4.6% Mn in Cu. So the accurate measurements of the zerofield susceptibility, of the field dependence of the specific heat, and of the field dependence of the susceptibility are highly desirable to measure these exponents directly.
